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PHOSPHORUS DISTRIBUTION IN THE BOTTOM SEDIMENTS 
OF THE SOLINA–MYCZKOWCE RESERVOIRS 

The analyses of phosphorus content and its bioavailable forms in the bottom sediments of the 
Solina–Myczkowce reservoirs falling in cascade were carried out. It has been found that the apatite 
fraction constitutes the biggest portion of total phosphorus in shallower parts of the Solina reservoir 
and Myczkowce reservoir. In deeper parts of Solina, an inorganic fraction of phosphorus constitutes 
a slightly bigger part of total phosphorus than the apatite fraction. The fraction containing non-
apatite inorganic phosphorus, despite the greatest differentiation among the stations, constitutes the 
smallest part of total phosphorus in the bottom sediments of both reservoirs. 

1. INTRODUCTION 

Phosphorus in bottom sediment has been the subject of investigations due to its 
role in the eutrophication of surface waters. The phosphorus content in the sediments 
is 1000 times higher than in the lake waters and its release depends on the concentra-
tion and distribution in the sediments, the degree of saturation of exchangeable phos-
phorus, the intensity of biological and chemical processes taking place at the water–
sediment interphase and hydrological conditions [3], [7]. 

The studies of the occurrence of bioavailable phosphorus forms are of great impor-
tance for the evaluation of quantities of phosphorus which can be released from the 
sediments. Phosphorus mobility is related to its interaction with different components 
of sediment matrix, thus the knowledge of different forms of phosphorus in sediments 
is necessary. Phosphorus is found both in organic and inorganic forms in the sedi-
ments. Fractionation of inorganic phosphorus provides more information about its 
potential bioavailability than total mineralisation resulting in separation of the re-
sources, which are not readily soluble in water under natural conditions and thus they 
are bioavailable [2], [4]. The most important inorganic forms of phosphorus are as 
follows: unstable phosphorus (exchangeable forms weakly bounded with the sediment 
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matrix), phosphorus associated to with oxides and hydroxides of aluminium, iron and 
manganese, phosphorus associated with calcium minerals, and residual inorganic 
phosphorus (included in very resistant minerals and crystal structures of some sili-
cates) [6].  

Many year application of different fractionation methods has shown that the distri-
bution of phosphorus fraction depends on the fractionation procedure. On the basis of 
the existing fractionation schemes of phosphorus in the bottom sediments and interla-
boratory studies involving the expert laboratories the SMT protocol has been devel-
oped within the Standards, Measurements and Testing Programme of the European 
Commission [11], 13]. 

The ability of a sediment to accumulate or release phosphorus affects the nutrient 
level in the reservoir and its productivity. The study of the phosphorus behaviour in 
the sediment is therefore the key factor in the understanding of this nutrient cycle in 
rivers and reservoirs. It is also of prime importance in the planning of water manage-
ment and restoration of reservoirs [10]. 

The aim of investigation was to analyse the distribution of the bioavailable 
phosphorus in the bottom sediments of the cascade of the upper San River dam res-
ervoirs. 

2. EXPERIMENTAL 

The Solina reservoir is the biggest in terms of volume and also the deepest dam re-
servoir in Poland. Together with the Myczkowce reservoir it constitutes a cascade 
(figure 1) which is the element of the Complex of Hydro-Electric Power Stations of 
Solina–Myczkowce S.A. The stilling basin for the top-pumping performance of this 
power station was located in Myczkowce.  

The cascade of the Solina–Myczkowce dam reservoirs is constituted by two reser-
voirs, being very different in terms of morphometric parameters (table 1). The San 
River waters coming from the hypolimnion of the Solina reservoir (over 90%) are 
a main tributary of the Myczkowce reservoir [8], [9].  

For the analyses, the samples were collected from the bottom sediments (0–5 cm 
layer) at four stations of the Solina reservoir: 1. Centralny, 2. Zapora, 3. Brama, 4. 
Skałki, (average depth of approx. 45, 60, 14, 15 m, respectively) and at two stations of 
the Myczkowce reservoir: 5. Myczkowce-Zapora, 6. Myczkowce-Zabrodzie (approx. 
11 and 3 m, respectively) 1–2 times a month from May to November 2005. The inters-
titial water was separated by centrifugation of the sediment sample. The bottom sedi-
ments dried at 60 °C were mineralized in a concentrated HNO3. The harmonized SMT 
protocol was applied to analyse the fractionation of phosphorus in the sediments [5], 
[6], [7], [10], [11], [13]. The following fractions were obtained: inorganic phosphorus 
(IP), organic phosphorus (OP), apatite phosphorus (AP, calcium-associated forms) and 
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non-apatite inorganic phosphorus (NAIP, the forms associated with oxides and hy-
droxides of aluminium, iron and manganese). Phosphorus forms in the solutions of 
extracts and mineralized bottom sediments were analysed colorimetrically in agree-
ment with PN-EN 1189:2000 standard. 

 

Fig. 1. The location of sampling places in the Solina and Myczkowce reservoirs 

T a b l e  1 

Morphometric parameters of the cascade of the Solina–Myczkowce reservoirs 

Parameter Solina reservoir Myczkowce reservoir 
Area [ha] 2200 200 
Maximal volume [mln m3] 502 10 
Average depth (max) [m] 22 (60) 5 (15) 
Catchment area [km2] 1174.5 1248 
Hydraulic retention time [d] 215 6 
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3. RESULTS OF INVESTIGATION 

Sedimentation processes result in more or less stable accumulation of phosphorus 
compounds in the bottom sediments. The content of total phosphorus in the sediments 
of the Solina reservoir and the Myczkowce reservoir ranged from 0.650 to 1.007 mg P 
g–1 of d.w. and from 0.702 to 0.950 mg P g–1 of d.w., respectively. The concentration 
of total phosphorus in the bottom sediments of both reservoirs varied slightly. Rela-
tively greater variability of total phosphorus was observed at the Centralny and the 
Zapora stations in deeper parts of the Solina reservoir and at the Myczkowce–Zapora 
station in the Myczkowce reservoir (figure 2a, b, e). 

An average content of total phosphorus in the sediments, in the whole period of its 
investigation at individual stations, was slightly higher in the sediments collected from 
deeper parts of the Solina reservoir than that in the sediments from the shallower parts. 
The same situation arose in the Myczkowce reservoir. This leads to the conclusion that 
phosphorus retention in the sediments of both reservoirs can increase together with the 
depth. Higher total phosphorus content in the sediments collected from deeper parts 
can be caused by the increased sedimentation in the central part of the reservoir, con-
nected with a decrease in water flow (lake area) [15]. 

Difficulties in estimating the quantities of phosphorus, which is exchanged in the 
processes of its releasing and depositing in the sediments, arise from the simultaneity 
of these processes at the water–sediment interphase under natural conditions. There-
fore the studies of the occurrence of bioavailable forms of phosphorus differing in 
solubility (mobility) are of great importance [6].  

The highest variability of individual phosphorus fractions in the analysed period of in-
vestigation was observed in the sediments collected from the Centralny and the Zapora 
stations, while the lowest one was observed in the sediments from the Skałki and the 
Myczkowce-Zabrodzie stations (figure 2a, b, d, f) in spite of the fact that in shallower 
parts of the reservoir the processes of phosphorus release from the sediments can be sig-
nificantly influenced by the resuspension of bottom sediments [14]. However, in deep 
parts of the reservoirs, faster sedimentation and better mineralisation of organic matter 
besides phosphorus release from organic compounds (OP fraction) can be responsible for 
local oxygen deficiencies right under the sediments surface. Moreover, redox potential 
decreases resulting in the decomposition of Fe-P and Mn-P compounds (NAIP fraction) 
[6]. The excretion of organic acids and CO2 by bacteria during decomposition of organic 
matter and the concurrent decrease in pH of interstitial water can affect the solubility of 
pH-sensitive phosphorus fractions as those associated with CaCO3 and apatite [3]. 

The higher average content of AP fraction was observed at the stations in shal-
lower parts of the reservoir, the lower one was observed in its deeper parts (table 2). In 
the case of NAIP fraction, an opposite tendency is observed (a similar phenomenon is 
recorded for phosphorus content), i.e., its contribution to total phosphorus increases 
along with the depth of the sediments in the Solina and the Myczkowce reservoirs. 
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b. Zapora

0,0

0,2

0,4

0,6

0,8

1,0

16
.06

.
6.0

7.

21
.07

.
3.0

8.

30
.08

.

14
.09

.
5.1

0.
3.1

1.

Date of sampling

C
on

te
nt

 [m
gP

 g
-1

 o
f d

.w
.]

NAIP AP

OP Ptot.

 

c. Brama
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d. Skałki
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e. Myczk.Zapora
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f. Myczk.Zabrodzie
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Fig. 2. The variability of fractions of NAIP, AP, OP and Ptot. [mg P g–1 of d.w.] 
 in bottom sediments of  the Solina and Myczkowce reservoirs 
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Figure 3 presents an important negative correlation between the average contents 
of NAIP and AP fractions in the sediments (r = – 0.94; p < 0.01). 

T a b l e 2 

Average contents of NAIP, AP, OP [%] fractions in Ptot 
in bottom sediments of the Solina and Myczkowce reservoirs 

Station NAIP AP OP 
Centralny 26.37 34.24 35.48 
Zapora 29.10 33.58 35.57 
Brama 23.49 40.47 34.55 
Skałki 19.89 44.47 32.05 
Average 24.59 38.32 34.38 
Myczk-Zapora 29.94 34.60 32.35 
Myczk-Zabrodzie 25.05 39.28 33.14 
Average 27.50 36.94 32.74 

y = - 0,8035x + 55,992
R = - 0,94
p < 0,01
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Fig. 3. Relationship between average contents of NAIP [%] and AP [%] fractions 
in bottom sediments of the Solina and Myczkowce reservoirs 

The greatest contribution of AP fraction to total phosphorus is found in shal-
lower parts of the Solina reservoir and the Myczkowce reservoir. OP fraction shows 
slightly greater contribution to total phosphorus than AP fraction in deeper parts of 
the Solina reservoir (figure 4). NAIP fraction constitutes the smallest part of total 
phosphorus in the bottom sediments of both reservoirs in spite of the greatest differ-
entiation between the stations. The resuspension of the bottom sediments can be 
responsible for the smaller content of NAIP fraction as well as for total phosphorus 
in shallower parts of the reservoir. Relatively higher concentration of NAIP fraction 
can be found in the sediments subject to greater sewage inflow [12]. Considerable 
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differences between the content of total phosphorus and its individual fractions in 
the sediments collected from the shallower parts of the Solina reservoir, slightly 
differing in depth (Brama, Skałki), probably result from differentiation of the sedi-
ment structure and hydration. Moreover, the Skałki station was located at the arm of 
the Solina reservoir not far from the estuary of the Solinka River, which is consid-
ered to be the purest tributary of the reservoir on the basis of many year studies that 
have been carried out so far. However, the Brama station was located at the second 
arm of the reservoir not far from the estuaries of the San River and the Czarny 
Stream, which carry a considerable load of biogens [1]. 
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Fig. 4. The average contents of NAIP, AP, OP [%] fractions in Ptot. 
in bottom sediments of the Solina and Myczkowce reservoirs 

(minimum and maximum values were marked) 

4. CONCLUSIONS 

• In the bottom sediments of both reservoirs, a slight increase of phosphorus reten-
tion with depth has been observed. The resuspension of the bottom sediments can be 
responsible for the lower content of the NAIP fraction in shallower parts of the reser-
voir. 

• A considerable contribution of the apatite fraction to total phosphorus in the bot-
tom sediments suggests that calcium can have significant influence on the sediments 
retention ability of both reservoirs. 

• In the case of possible nutrient level increase in both reservoirs due to supplying 
them with considerable loads of pollutants, especially organic ones, more indissoluble 
Ca-P compounds seem to protect better the reservoirs against internal feeding than the 
compounds comprising manganese and iron (NAIP) which are not resistant to oxida-
tion–reduction conditions in the above-bottom zone. 
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DYSTRYBUCJA FOSFORU W OSADACH DENNYCH ZBIORNIKÓW ZAPOROWYCH 
SOLINA–MYCZKOWCE 

Określono zawartość fosforu całkowitego i jego biologicznie dostępnych form w osadach dennych 
kaskady zbiorników zaporowych Solina–Myczkowce. Stwierdzono, że frakcja apatytowa ma największy 
udział w fosforze całkowitym w płytszych partiach zbiornika solińskiego i w zbiorniku myczkowieckim. 
W głębszych partiach Soliny frakcja fosforu organicznego ma nieznacznie większy udział w fosforze 
całkowitym niż frakcja apatytowa. Frakcja zawierająca nieapatytowy, nieorganiczny fosfor mimo naj-
większego zróżnicowania pomiędzy stanowiskami ma najmniejszy udział w fosforze całkowitym w 
osadach dennych obu zbiorników. 
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